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(54) Process for the oxidation of aromatic compounds to hydroxyaromatlc compounds 



(57) An improved process is described for the syn- 
thesis of hydroxylated aromatic compounds by means 
of the oxidation of an aromatic substrate with hydrogen 
peroxide in an organic solvent, in the presence of syn- 
thetic zeolites, wherein the improvement consists in the 
fact that the organic solvent is selected from com- 
pounds having general formula (I) 
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Description 

[0001] The present invention relates to an improved process for the synthesis of hydroxylated aromatic compounds 
by means of the oxidation of an aromatic substrate with hydrogen peroxide in an organic solvent, in the presence of syn- 
5 thetic zeolites, wherein the improvement consists in the fact that the organic solvent is selected from compounds having 
general formula (I) or (II). 

[0002] Hydroxylated aromatic compounds are valuable intermediates useful in the production of phyto-drugs. dyes, 
pharmaceutical compounds, antioxidants, synthetic resins and insecticides. 

[0003] Among hydroxylated aromatic compounds of greatest interest, from a commercial point of view, phenol, which 
10 at present is industrially produced starting from cumene, should be mentioned. 

[0004] Various processes are known in the art for the direct oxidation of aromatic substrates, especially phenol, with 
hydrogen peroxide in the presence of suitable catalytic systen^. 

[0005] For example US patent 4.396.783 describes a hydroxylation process off aromatic hydrocarbons, in particular 
phenol, which uses titanium silicalite (TS1) as catalyst. The reaction is can-led out at a temperature ranging from 80** to 
15 1 20**C. in the presence of the substrate alone or, preferably, also an organic solvent selected from water, methanol, ace- 
tic acid, isopropanol or acetonitrile. 

[0006] According to the process described in the patent GB-2.1 16.974, the hydroxylation of aromatic hydrocarbons 
is earned out in acetone, under reflux conditions, at 80-120*»C in the presence of TS1. The use of acetone allows the 
reaction to be effected using particularly high charging ratios (ratio between the moles of H2O2 and those of phenol 
20 charged) and extremely high yields. 

[0007] Although the above patents suggest the use of numerous aromatic hydrocarbons that can be hydroxylated. no 
result is reported for benzene. 

[0008] This compound in fact, is considered very difficult to oxidate; good selectivities to phenol are obtained with con- 
versions of the sut)strate of about 1%, whereas at higher conversions the selectivity is drastically reduced. 
25 [0009] These processes of the known art are candied out in an organic solvent capable of increasing the miscibtlity off 
hydrogen peroxide and aromatic substrate. 

[0010] The solvents are generally selected from alcohols such as methanol, ethanol or isopropyl alcohol, ketones 
such as acetone, methylethylketone. acetic acid or acetonitrile. The effect of the solvent is to inrprove the contact 
between the aromatic substrate and the hydrogen peroxide. 
30 [001 1] The use of these solvents however has various disadvantages, 

[0012] For example methanol in the presence of a poorly reactive substrate such as benzene, is in turn oxidated by 
the catalyst to give formaldehyde and dimethylacetal formaldehyde. 

[0013] Acetone with hydrogen peroxide forms a compound (CH3)2C(OH)(OOH), whidi is inert in solution, but in the 
solid state is explosive and can therefore create considerable safety problems during recovery of the product. 
35 [001 4] In addition, when acetone is used as solvent, the system tends to separate when the concentration of the ben- 
zene reaches 27% by weight operating with a solution of H2O2 at 30% by weight. 

[001 5] Acetonitrile forms an adduct with hydrogen peroxide (CH3)C(=NH)(OOH) which can decompose in a non-pro- 
ductive way decreasing the selectivity with respect to H2O2. 

[001 6] It has now been found that these drawtjacks of the known art can be overcome with the process of the present 
40 invention which is based on the use of an organic solvent selected from compounds having general formula (I) or (II). 
These compounds are stable in the presence of H2O2. 

[001 7] A further advantage provided by the use of these conrpounds is linked to their high boiling point, which makes 
it posslt>le to operate at atmospheric pressure arxJ high temperatures (up to 95**C), increasing the efficiency of the cat- 
alyst. 

45 [001 8] With common oxidation solvents these temperatures can only be reached under pressure. 

[001 9] In addition, the high chemical inertia of the compounds having general formula (I) and (II) makes it possitsle to 
avoid danger risks relating to the use of other solvents, as for example in the case of acetone which can give explosive 
peroxides in the drying phase. 

[0020] The use of the compounds having general formula (I) and (II) also allows an improvement in both the produc- 
50 tivity of the oxidation reaction of benzene to phenol (expressed as conversion of benzene) and the selectivity off the cat- 
alyst (expressed as selectivity on hydrogen peroxide and as selectivity to phenol). 

[0021] In accordance with this, a first aspect of the present invention relates to a process for the synthesis of hydrox- 
ylated aromatic compounds by the direct oxidation of an aromatic substrate with hydrogen peroxide in an organic sol- 
vent, in the presence of synthetic zeolites, this process being characterized in that the organic solvent is selected from 
55 compounds having general formula (I) 
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wherein: R^, R2. R3 and R4. the same or different, are hydrogen atoms or alkyi groups with from 1 to 4 carbon atoms, 
or from compounds having general formula (II) 



(II) 




wherein R and R*, the same or different, represent an alkyI radical with from 1 to 4 carbon atoms. 
[0022] For the purposes of the present invention, the compounds having general formula (I) are preferred, as they 
have a high solvent capacity with respect to both water and the aromatic substrate. This allows the system to remain 
25 homogeneous operating with concentrations of the aromatic substrate of more than 50%. or with very dilute solutions 
of H2O2 < 5%. 

[0023] Among the connpounds having general formula (I), sulfolane is particularly preferred. 

[0024] The solvent is used in quantities ranging from 10 to 90% by weight with respect to the reaction mixture. Quan- 
tities ranging from 20 to 80% by weight are preferably used. 
30 [0025] The catalysts used in the process of the present invention are selected from those having general formula (III): 

xTi02*(1-x)Si02 (III) 

wherein: x is between 0.0001 and 0.04. preferably between 0.02 and 0.03. 
35 [0026] The above titanium silicalites can be prepared according to the method described in US patent 4.410.501 
where their structural characteristics are also specrfied. 

[0027] Titanium silicalites in which part of the titanium is substituted by other metals such as boron, aluminum, iron 
or gallium, can also be used. This substituted titanium silicalites and the methods for their preparation are described in 
European patent applications 226.257. 226.258 and 266.825. 
40 [0028] The catalyst is generally used in quantities ranging from 2 to 40% by weight with respect to the aromatic sub- 
strate. Preferably, quantities 0I catalyst ranging from 5 to 1 5% by weight with respect to the aromatic substrate are used. 
[0029] The hydrogen peroxide is added to the reaction mixture in quantities ranging from 5 to 50% in moles with 
respect to the aromatic substrate, preferably between 10 and 30% in moles. 

[0030] It is convenient to use solutions of hydrogen peroxide at a concentration ranging from 1 to 60% by weight, pref- 
45 erably from 3 to 30% by weight. 

[0031] Aromatic substrates which can be used in the process of the present invention can be selected from benzene, 
toluene, ethylbenzene. chlorobenzene, anisol. phenol and naphthol. 

[0032] The aromatic substrate is generally used in quantities ranging from 10 to 80% by weight with respect to the 
reaction mixture. 

50 [0033] Quarrtities of aromatic substrate ranging from 30 to 60% by weight with respect to the reaction mixture are pref- 
erably used. 

[0034] The oxidation reaction is carried out at temperatures ranging from 50** to 95**C. preferably between 70° and 

85**C- 

[0035] The reaction time necessary for the complete use of the hydrogen peroxide depends on the reaction conditions 
55 adopted. 

[0036] At the end of the reaction the reaction products and non-reacted aromatic sut^strate are recovered by means 
of the conventional techniques such as fractionated distillation and crystallization. 
^[0037] „The.process.of the_present invention, can be carried .out.batchwisjB.OLinjcontjnuous feed^ 
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oxide at a rate ranging from 0.06 to 0,6. preferably between 0.1 and 0.3 moles • litre"^ • hour ^ 

[0038] The following examples, which have the sole purpose of describing the present invention in greater detail. 

should in no way be considered as limiting the scope of the invention itself. 

[0039] The experimentation was canried out using a glass reactor having a capacity of 30 ml. with a flat bottom, jack- 
eted, equipped with a magnetic stirrer, feeding inlet of the reagents, temperature control and reflux condenser cooled 
to 0°C with silicon oil circulation by means of a thermocryostat. 

[0040] Sificon oil thermostat-regulated by means of a second thermocryostat was circulated in the heating/cooling 
cooling jacket of the reactor. The solution of HgOg was dosed with a suitable graded drip funnel equipped with a regu- 
lation valve. 

EXAMPLE 1 

[0041] 7.04 g of benzene (titer 99.5%. Fluka) (90 mmoles). 2.82 g of TSI catalyst with a titer In Ti equal to 2.29% 
(1.35 mmoles Ti. EniChem) (weight ratio TS1/benzene = 0.4). 15 g of suHolane (titer 99%) (weight ratio benzene/sul- 
folane = 0.5) (end volume = 20 ml), were charged into the reactor maintained in a nitrogen atmosphere. 
[0042] The mixture, maintained under stin^ing, was brought to TT^C. 1 .04 g (9 mmoles of H2O2) of an aqueous solution 
of H2O2 at 33% w/v. (density =1.11. Rudipont. Reagent Grade), were subsequently added over a period of two hours. 
[0043] After 15 minutes of conditioning at a constant temperature under stin-ing, the reaction mixture was cooled to 
20*»C. The catalyst was separated by filtration on a glass porous septum under nitrogen pressure and washed repeat- 
edly with acetonitrile (titer 99.9%. C.ERBA Reagents. RS). The filtrate to which the washings had been added gave an 
end solution of 121 . 15 g. 

[0044] The solution was analyzed by HPLC Shimadzu SCL-6A (UChrospher® column 100 RP-18 endcapped. 5 jim. 
Merck) thermostat-regulated at 40*»C, using acetonitrile and an aqueous solution of H3PO4 0.01 M, as eluants. Analysis 
of the reaction product gave the following results: 

phenol 576 mg (6.12 mmoles) 
catechol 29 mg (0.26 mmoles) 
hydroquinone 36 mg (0.33 mmoles) 

- residual benzene 6.506 g (83.29 mmoles) 

- reacted l^enzene 0.524 g (6.71 mnrx)les) 

[0045] On the basis of these results the following were calculated: 



35 



40 



- conversion of benzene 


7.5% 


- selectivity to phenol 


91.2% 


- yield to phenol 


6.8% 



[0046] Selectivity refers to the molar selectivity with respect to the converted benzene. 

[0047] Upon iodometric titration of the residual H2O2 there was a conversion of HoOp equal to 96.2% with a selectivitv 
to phenol of 70.3%. ^ 
45 [0048] The houriy turnover expressed as moles of phenol out of moles of titanium per hour was 2.01 . 

[0049] The reaction was carried out under the same operating conditions as example 1 . but using 6 g of sulfolane. 
so Analysis of the reaction product gave the following results: 



phenol 534 mg (5.67 mmoles) 
catechol 53 mg (0.48 mmoles) 
hydroquinone 46 mg (0.42 mmoles) 
55 - residual benzene 6.517 g (83.43 mmoles) 
reacted benzene 0.513 g (6.57 mrrales) 



[0050] On the basis of these results the Ibllowing were calculated: 
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- conversion of benzene 


7.3% 


* selectivity to phenol 


86.3% 


• yield to phenol 


6.3% 



10 [0051 ] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 96.9% with a selectivity 
to phenol of 65.2%. 

EXAMPLE 3 

IS [0052] The reaction was carried out under the same operating conditions as example 1 . but using 0.51 g of an aque- 
ous solution of H2O2 at 60% w/w (weight ratio H2O2/TMS = 0.03). Analysts of the reaction product gave the following 
results: 

phenol 51 1 mg (5.43 mmoles) 
20 - catechol 27 mg (0.25 mmoles) 

hydroquinone 37 mg (0.34 mmoles) 
residual benzene 6.56 g (83.98 mmoles) 
reacted benzene 0.470 g (6.02 mmoles) 

25 [0053] On the t>asts of these results the following were calculated: 



- conversion of benzene 


6.7% 


- selectivity to phenol 


90.2% 


> yield to phenol 


6.0% 



35 [0054] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 97.5% with a selectivity 
to phenol of 61 . 7%. 

EXAMPLE 4 

40 [0055] The reaction was carried out under the same operating conditions as example 1 , tsut using 2.04 g of an aque- 
ous solution of H2O2 at 15% w/W (weight ratio H2O2/TMS = 0.14). Analysis of the reaction product gave the following 

results: 

phenol 572 mg (6.08 mmoles) 
45 • catechol 30 mg (0,27 mmoles) 

hydroquinone 41 mg (0.37 mmoles) 
residual benzene 6.505 g (83.28 mmoles) 
reacted benzene 0.525 g (6.72 mmoles) 

so [0056] On the basis of these results the following were calculated: 



- conversion of benzene 


7.5% 


- selectivity to phenol 


90.5% 


- yield to phenol 


6.8% 
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[0057] Upon iodometric titration of the residual HgOg there was a conversion of H2O2 equal to 96. 7% with a selectivity 
to phenol of 69.9%. ^ 

EXAMPLES 

5 

[0058] The reaction was carried out under the same operating conditions as example 1 . but using 2 82 g (0 34 
mmoles) of titanium silicalite (TiZ-15/55: Ti = 0.580^ EniRicherche S.p.A.). Analysis of the reaction product gave the fol- 
lowing results: 

10 - phenol 383 mg (4.07 mmoles) 
catechol 16 mg (0.15 mmoles) 
hydroquinone 1 9 mg (0. 1 7 mmoles) 
residual benzene 6.687 g (85.61 mmoles) 
reacted benzene 0.343 g (4.39 mmoles) 

[0059] On the basis of these results the following were calculated: 



- conversion of benzene 


4.9% 


- selectivity to phenol 


92.7% 


- yield to phenol 


4.5% 



[0060] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 62 5% with a selectivity 
to phenol of 72.7%. 

EXAMPLE 6 

30 

[0061 ] The reaction was can-ied out under the same operating conditions as example 1 , but using 0.3 g of TS1 catalyst 
and a reaction temperature of 95*C. Analysis of the reaction product gave the following results: 

phenol 246 mg (2.61 mmoles) 
35 - catechol 0 

hydroquinone 12 mg (0.1 1 mmoles) 
residual benzene 6.8 1 7 g (87.28 mmoles) 
reacted benzene 0.212 g (2.72 mnx>les) 

40 [0062] Onthebasisof these results the following were calculated: 



45 



- conversion of benzene 


3.0% 


- selectivity to phenol 


96.0% 


- yield to phenol 


2.9% 



so [0063] Upon iodometric titration of the residual HgOg there was a conversion of HgOg equal to 48.8% wHh a selectivity 
to phenol of 59.3%. 

[0064] The hourly turnover was 8.09, indicating a greater efficiency of the catalytic system at these temperatures. 
EXAMPLE 7 



55 



[0065] The reaction was carried out under the same operating conditions as exanrple 1 . but charging in 1 hour 0 52 
g (5 mmoles) of an aqueous solution of HgOg at 33% w/v (molar ratio HgOa/benzene = 0.05). Analysis of the reaction 
product gave the following results: 
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phenol 286 mg (3.04 mmoles) 
catechol 0 

hydroquinone 12 mg (0.11 mmoles) 
residual benzene 6.784 g (86.85 mmoles) 
5 - reacted benzene 0.246 g (3. 1 5 mmoles) 

[0066] On the basis of these results the following were calculated: 



- conversion of benzene 


3.5% 


- selectivity to phenol 


96.5% 


- yield to phenol 


3.4% 



[0067] Upon lodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 94.2% with a selectivity 
to phenol of 72.4%. 

so EXAMPLE 8 

[0068] The reaction was carried out as described in example 1 , but using 3. 12 g of an aqueous solution of H2O2 at 
33% w/v (27 mmoles H2O2). Analysis of the reaction product gave the following results: 

25 - phenol 1284 mg (13.64 mmoles) 
catechol 264 mg (2.4 mnrioles) 
hydroquinone 227 mg (2.06 mmoles) 
residual benzene 5.616 g (71 .9 mmoles) 
reacted benzene 1.414 g (18.1 mmoles) 

30 

[0069] On the basis of these results the following were calculated: 



35 



AO 



- conversion of benzene 


31.2% 


' selectivity to phenol 


75.4% 


- yield to phenol 


15.2% 



[0070] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 99.2% with a selectivity 
to phenol of 50.9%. 



45 



EXAMPLES 9-10 

[0071 ] The reaction was carried out under the same operating conditions as example 1 , but varying the reaction tem- 
perature. The results are indicated in table 1 . 



so TABLE 1 



Temperature 


95*»C 


50*»C 


Phenol 


5.88 mmoles 


3.9 mmoles 


Catechol 


0.33 mmoles 


0.18 mmoles 


Hydroquinone 


0.46 mmoles 


0.28 mmoles 


Benzene 


83.33 mmoles 


85.64 mmoles 
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TABLE 1 (continued) 



Tenrperature 




50-C 


CI 


7.4% 


4.8% 


S1 


88.2% 


89.4% 


C2 


98% 


76,3% 


S2 


66.8% 


56.5% 


wherein: C1 = conversion of benzene; S1 = selectivity 
to phenol: C2 conversion of H202 and S2 = selectivity 
to phenol. 



[0072] From the values indicated in table 1 , it can be observed that operating at higher tenperatures both the conver- 
15 sion of the substrate and oxidating agent and the selectivity relating to the H2O2 increase considerably. 

EXAMPLES 11-12 

[0073] The reaction was carried out under the same operating conditions as example 1 . but with different charging 
20 times of the oxidating agent. The results are shown in table 2. 



TABLE 2 



Charging time 


5 hours (0.06moles/l"^xhr"^) 


30 minutes {0.6moles/l"^xhr'^) 


Phenol 


5.96 mmoles 


5.14 mmoles 


Catechol 


0.28 mmoles 


0.29 mmoles 


Hydroquinone 


0.33 mmoles 


0.35 nnmoles 


Benzene 


83.43 mmoles 


84.22 mmoles 


C1 


7.3% 


6.4% 


SI 


90.7% 


88.9% 


C2 


97.5% 


95.3% 


S2 


67.7% 


59.8% 


Wherein C1. S1 , C2 and S2 have the meanings defined above. 



40 [0074] From the values indicated in the table, it can be observed that by increasing the charging time of H2O2, there 
is an increase in both the conversion of the substrate (Cl) and the selectivity of the oxidating agent (S2). 

EXAMPLE 13 fcomparative^ 

45 [0075] The reaction was carried out under the same operating conditions as example 1 , but using methanol as solvent 
and a reaction temperature of 61 ""C (reflux). 
[0076] Analysis of the reaction product gave the following results: 

phenol 215 mg (2.29 mmoles) 
so ' catechol 0 

hydroquinone 34 mg (0.31 mmoles) 
residual benzene 6.827 g (87.40 mmoles) 
reacted tsenzene 0.203 g (2.60 mmoles) 

55 [0077] On the basis of these results the following were calculated: 
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- conversion of benzene 


2.9% 


' selectivity to phenol 


88.1% 


• yield to phenol 


2.5% 



10 [0078] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 93.8% with a selectivity 
to phenol of 27.3%. 

EXAMPLE 14 

15 [0079] The reaction was carried out under the same operating conditions as example 13. but using sulfolane as sol- 
vent at a temperature of 61 "C. Analysis of the reaction product gave the following results: 

phenol 510 mg (5.42 mmoles) 
catechol 24 mg (0.22 mmoles) 
20 - hydroquinone 34 mg (0.31 mmoles) 

residual benzene 6.565 g (84.05 mmoles) 
reacted benzene 0.465 g (5.95 mmoles) 

[0080] On the basis of these results the following were calculated: 

25 





- conversion of benzene 


6.6% 


30 


- selectivity to phenol 


91.1% 




- yield to phenol 


6.0% 



[0081 ] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 94.4% with a selectivity 
35 to phenol Of 63.8%. 

EXAMPLE ISfcomparative) 

[0082] The reaction was carried out under the same operating conditions as example 1 , but using acetonitrile as sol- 
40 vent at a temperature of 76**C (reflux). Analysis of the reaction product gave the following results: 

phenol 311 mg (3.31 mmoles) 
catechol 85 mg (0.77 mmoles) 
hydroquinone 84 mg (0.76 mmoles) 
45 - residual benzene 6.652 g (85. 1 6 mmoles) 
reacted benzene 0.378 g (4.84 mmoles) 

[0083] On the basis of these results the following were calculated: 

50 



- conversion of benzene 


5.4% 


- selectivity to phenol 


68.4% 


- yield to phenol 


3.7% 



[PQW]„ JJpoPLpdpmetric ^ 
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to phenol of 38%. 
EXAMPLE 16 

5 [0085] The reaction was carried out under the same operating conditions as example 15, but using suKolane as sol- 
vent at a tenperature of 76°C. Analysis of the reaction product gave the following results: 

phenol 576 mg (6. 1 2 mmoies) 
catechol 29 mg (0.26 mmoies) 
10 - hydroquinone 36 mg (0.33 mmoies) 

residual benzene 6.506 g (83.29 mmoies) 
reacted benzene 0.525 g (6.71 mmoies) 

[0086] On the basis of these results the following were calculated: 

IS 





' conversion of benzene 


7.5% 


20 


- selectivity to phenol 


91.2% 




- yield to phenol 


6.8% 



[0087] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 96.2% with a selectivity 
25 to phenol of 70.3%. 

EXAMPLE 17 (comparative^ 

[0088] The reaction was carried out under the same operating conditions as example 1 . but using acetone as solvent 
30 at a temperature of OI^'C (reflux). Analysis of the reaction product gave the following results: 

phenol 237 mg (2.52 mmoies) 
catechol 33 mg (0.30 mmoies) 
hydroquinone 87 mg (0.79 mmoies) 
35 - residual benzene 6.748 g (86.39 mmoies) 
reacted benzene 0.282 g (3.61 mmoies) 

[0089] On the basis of these results the following were calculated: 

40 



' conversion of benzene 


4.0% 


- selectivity to phenol . 


69.8% 


- yield to phenol 


2.8% 



[0090] Upon iodometric titration of the residual H2O2 there was a conversion of HgOg equal to 75.9% with a selectivHy 
to phenol of 37.1%. 

so 

EXAMPLE 18 

[0091] The reaction was can-ied out under the same operating conditions as in example 13. but charging in 6 hours 
3.12 g of an aqueous solution of H2O2 at 33% w/v (27 mmoies). Analysis of the reaction product gave the following 
55 results: 

phenol 492 mg (5.23 mmoies) 
catechol 56 mg (0.51 mmoies) 



10 
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hydroquinone 198 mg (1.80 mmoles) 
residual benzene 6 441 g (82.46 mmoles) 
reacted benzene 0.589 g (7.54 mmoles) 

£ [0092] On the basis of these results the following were calculated: 



- conversion of benzene 


8.4% 


- selectivity to phenol 


69.4% 


- yield to phenol 


5.8% 



75 [0093] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 96.6% with a selectivity 
to phenol of 20%. 

EXAMPLE 19 

20 [0094] The reaction was carried out under the same operating conditions as in example 15. but charging in 6 hours 
3.12 g of an aqueous solution of H2O2 at 33% w/v (27 mmoles). Analysis of the reaction product gave the following 
results: 

phenol 455 mg (4.84 mmoles) 
25 - catechol 270 mg (2.45 mmoles) 

hydroquinone 258 mg (2.34 mmoles) 
residual benzene 6.278 g (80.37 mmoles) 
reacted benzene 0.752 g (9.63 mmoles) 

30 [0095] On the basis of these results the following were calculated: 



- conversion of benzene 


10.7% 


- selectivity to phenol 


50.3% 


- yield to phenol 


5.4% 



40 [0096] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 98.8% with a selectivity 
to phenol of 18.1%. 

EXAMPLE 20 

45 [0097] The reaction was carried out under the same operating cor)dttions as in example 17, but charging in 6 hours 
3.12 g of an aqueous solution of H2O2 at 33% w/v (27 mmoles). Analysis of the reaction product gave the following 
results: 

phenol 409 mg (4.35 mmoles) 
so - catechol 1 94 mg (1 .76 mmoles) 

hydroquinone 272 mg (2.47 mmoles) 
residual benzene 6.36 g (81.42 mmoles) 
reacted benzene 0.670 g (8.58 mmoles) 

55 [0098] On the basis of these results the following were calculated: 
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- conversion of benzene 


9.5% 


- selectivity to phenol 


50.7% 


- yield to phenol 


4.8% 



10 [0099] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 73. 1 % with a selectivity 
to phenol of 22.1%. 

EXAMPLE 21 

15 [0100] The reaction was carried out under the same operating conditions as example 1 , but using 0.7 g of titanium 
aluminum silicalite (712-80/2; Ti = 1 .59% and Al = 0.40%. EniRicherche) as catalyst and a reaction temperature of BC^C. 
Analysis of the reaction product gave the following results: 

phenol 515 mg (5.47 mmoles) 
20 - catechol 22 mg (0.20 mmoles) 

hydroquinone 30 mg (0.27 mmoles) 
residual benzene 6.566 g (84.06 mmoles) 
reacted benzene 0.464 g (5.94 mmoles) 

25 [0101] On the basis of these results the following were calculated: 



- conversion of benzene 


6.6% 


' selectivity to phenol 


92.1% 


' yield to phenol 


6.1% 



35 [01 02] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 90. 1 % with a selectivity 
to phenol of 67.5%. 

EXAMPLE 22 

40 [0103] The reaction was carried out under the same operating conditions as example 21 . but using a titanium gallium 
silicalite (TiZ-106 bis; Ti = 1.52% and Ga = 0.51%. EniRicherche S.p.A.) as catalyst. Analysis of the reaction product 
gave the following results: 

phenol 506 mg (5.38 mmoles) 
45 - catechol 18 mg (0.16 mmoles) 

hydroquinone 36 mg (0.33 mmoles) 
residual benzene 6.571 g (84.13 mmoles) 
reacted benzene 0.458 g (5.87 mmoles) 

so [01 04] On the basis of these results the following were calculated: 



• conversion of benzene 


6.5% 


- selectivity to phenol 


91.7% 


- yield to phenol 


6.0% 
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[01 05] Upon iodometric titration of the residual H2O2 there was a conversion of H2O2 equal to 88.5% with a selectivity 
to phenol of 67.5%. 

EXAMPLES 23-31 

5 

[0106] The reaction was carried out under the same operating conditions as example 1 , but using 0.7 g of TSl . 90 
mmoles of the substrates indicated In table 3. 15 g of sulfolane and a temperature of 90°C. The results are shown in 
tables. 

10 

TABLE 3 



Example 


Substrate 


C1% 


C2% 


S1% 


S2% 


23 


* Benzene 


6.8 


93.8 


89.7 


65.5 


24 


Ethylbenzene 


1.0 


33.6 


100 


31.0 


25 


Toluene 


1.1 


37.6 


100 


29.1 


25 


Chlorobenzene 


1.8 


31.0 


100 


58.0 


27 


Anisole 


1.5 


45.2 


100 


30.0 


28 


1 -naphthol 


0.3 


47.9 


100 


6.5 


29 


2-naphthol 


0.3 


52.0 


100 


5.7 


30 


naphthalene 


<0.1 


16.1 


22.6 


7.6 


31 


nitrobenzene 


0 


11.3 


0 


0 


CI = conversion of benzene; C2 = conversion of H2O2; SI = selectivity to mono- 
oxidates relating to the substrate: S2 = selectivity to mono-oxidates relating to the 

H2O2. 



30 

Claims 

1. A process for the synthesis of hydroxylated aromatic compounds by the direct oxidation of an aromatic substrate 
with hydrogen peroxide in an inert organic solvent, in the presence of synthetic zeolites as catalysts, characterized 
35 in that the organic solvent is selected from compounds having general formula (1) 



rHi — 1— 

40 1 1 (0 



o o 



wherein: Ri, Rg. R3 and R4, the same or different, represent a hydrogen atom or an alkyi group with from 1 to 4 
carbon atoms, or from compounds having general formula (II) 

R O 

S (II) 

R' O 

55 

wherein R and R', the sameor different, represent an alkyI radical with from 1 to 4 carbon atoms. 
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2. The process according to daim 1 . wherein In the compound having formula (I) , Rg, Rg and R4 represent a hydro- 
gen atom. 

3. The process according to claim 1 , wherein in the compound having general formula (II) R and R* represent a methyl 
5 radical. 

4. The process accorcfing to daim 1 , wherein the catalyst is a titanium siiicalite having general fonnula (III): 

xTi02-(1-x)Si02 (III) 

TO 

wherein: x is between 0.0001 and 0.04. 

5. The process according to daim 4, wherein x is k)etween 0.02 and 0.03. 

15 6. The process according to daim 4, wherein in the compound having formula (III) part of the titanium is substituted 
by other metals such as boron, aluminum, iron and gallium. 

7. The process according to claim 1 , wherein the aromtaic substrate is selected from benzene, toluene, ethylbenzene, 
chlorobenzene, anisd. phenol and naphthol. 

so 

8. The process according to daim 1 . wherein the solvent is used in quantities ranging from 10 to 90% by weight with 
respect to the reaction mixture. 

9. The process accorcfing to daim 8, wherein the solvent is used in quantities ranging from 20 to 80% by weight with 
25 respect to the reaction mixture. 

10. The process according to claim 1. wherein the catalyst is used in quantities ranging from 2 to 40% by weight with 
respect to the aromatic substrate. 

30 11. The proems accorcfing to daim 10, wherein the catalyst is used in quantities ranging from 5 to 15% by weight with 
respect to the aromatic substrate. 

12. The process according to daim 1 , wherein the aromatic sut)strate is used in quantities ranging from 10 to 80% by 
weight with respect to the reaction mixture. 

35 

1 3. The process according to claim 1 2, wherein the aromatic substrate is used in quantities ranging from 30 to 60% by 
weight with respect to the reaction mixture. 

14. The process according to claim 1, wherein the quantity of hydrogen peroxide present in the reaction mixture is 
40 between 5 and 50% in moles with respect to the aromatic substrate. 

15. The process according to claim 14, wherein the quantity of hydrogen peroxide present In the reaction mixture Is 
between 10 and 30% in motes with respect to the aromatic substrate. 

45 16. The process according to claim 1 , wherein the hydrogen peroxide is used as an aqueous solution containing from 
1 to 60% by weight of hydrogen peroxide. 

1 7. The process according to claim 1 6. wherein the hydrogen peroxide is used as an aqueous solution containing from 
3 to 30% by weight of hydrogen peroxide. 

so 

18. The process according to daim 1 , wherein the readion is carried out at a temperature ranging from 50*" to 95''C. 

1 9. The process according to daim 1 8, wherein the temperature is between 70^C and 85'*C. 

55 
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